Identification of residues in DmsD for twin-arginine leader peptide binding, defined through random and bioinformatics-directed mutagenesis.
The twin-arginine translocase (Tat) system is used for the targeting and translocation of folded proteins across the cell membrane of most bacteria. Substrates of this system contain a conserved "twin-arginine" (RR) motif within their signal/leader peptide sequence. Many Tat substrates have their own system-specific chaperone called redox enzyme maturation proteins (REMPs). Here, we study the binding of DmsD, the REMP for dimethyl sulfoxide reductase in Escherichia coli, toward the RR-containing leader peptide of the catalytic subunit DmsA. We have used a multipronged approach targeted at the amino acid sequence of DmsD to define residues and regions important for recognition of the DmsA leader sequence. Residues identified through bioinformatics and THEMATICS analysis were mutated using site-directed mutagenesis. These DmsD residue variants were purified and screened with an in vitro dot-blot far-Western assay to analyze the binding to the DmsA leader sequence. Degenerative polymerase chain reaction was also used to produce a bank of random DmsD amino acid mutants, which were then screened by an in vivo bacterial two-hybrid assay. Using this hybrid method, each DmsD variant was classified into one of three groups based on their degree of interaction with the DmsA leader (none, weak, and moderate). The data from both the in vitro and in vivo analyses were then applied to a model structure of DmsD based on the crystal structure of the Salmonella typhimurium homologue. Our results illustrate the positions of important DmsD residues involved in binding the DmsA leader peptide and identify a "hot pocket" of residues important for leader binding on the structure of DmsD.